1. Introduction {#sec1}
===============

The goal of physical training is to improve muscle strength, functional mobility, and motor control for better balance, coordination, and endurance. Functional stabilization training begins with identifying range of motion, particularly that of the lumbopelvic region [@bib1]. Spinal stability is thought to be an important factor in exercise programs for individuals with healthy backs [@bib2]. It has been observed that low back pain may be caused by deficits or errors in motor control that lead to inefficient muscular stabilization of the spine \[[@bib3], [@bib4], [@bib5]\]. However, low back pain may also occur as a result of leisure time physical activity. Individuals with back pain have been reported to have impairments in muscular and connective tissue, functional limitations in muscle strength, endurance, and speed, deficits in neuromuscular function, and physical, social, and psychological disabilities \[[@bib4], [@bib6]\]. The primary goals of physical exercise are to prevent pain, to increase strength, flexibility, and endurance, to restore the ability to perform activities of daily living, including work activities, and sometimes, to enhance social life \[[@bib7], [@bib8]\]. The rehabilitative exercises utilizing mid-range oscillatory movements and end-range stretches in prone and sitting rotational movements promote a reduction in pain [@bib1]. Bourdillon et al. found that exercises involving spine extension, side-gliding, backward bending while standing, different rotational movements, and forward bending while standing improved faulty mechanical habits and muscular imbalance in the trunk and pelvis [@bib8]. Aquafitness programs utilize exercises in water to allow safer and more pain-free movement [@bib9]. The effects of physical training on the musculoskeletal system and the ability of the neuromuscular system to adapt to the speed, resistance, and duration of specific types of training have long been known [@bib10], [@bib11]. In the acute phase, the goals of training are to alleviate pain and promote muscle relaxation, to reduce pressure on neurological structures sensitive to pain, to promote positions and movements that reduce intradiscal pressure, and to restore spinal alignment [@bib12]. Further clinical trial-based studies on the efficacy of treatment for low back disorders are greatly needed. Therefore, in this study, we developed a treatment program, which we call triple-treatment trunk stretching, comprising the following three trunk stretches: stretching using an unstable flex chair; stretching using a stretching bench; and stretching using a stretch pad. These three stretches are based on well-known physiological strength-training principles and utilize static muscular stabilization of the spine. Early adaptation by means of short-term core exercise programs using a physioball or a Swiss ball enhances gains in torso balance and EMG neuronal activity [@bib13]. Sitting on unstable Swiss balls is often advocated to promote proper seated posture to prevent lower back pain by stretching consecutively contracted hip flexors and extensors to posteriorly and anteriorly rotate the hip [@bib14]. Similarly, sitting on a flex chairs and stretching benches used for spine rehabilitation and hamstring stretches can reduce back pain [@bib1]. The foam roller used for spine rehabilitation is an excellent tool for mobilizing the mid-back that can be used in various ways with an emphasis on increasing dorsal extension [@bib1]. It was hypothesized that these three stretches improved the state of spinal stability and included the possibility of enhance physical performance.

The aim of this study was to investigate the effects of a treatment program using these three trunk stretches on physical fitness levels and curvature of the spine as measured by X-ray photographs.

2. Methods {#sec2}
==========

2.1. Subjects {#sec2.1}
-------------

Thirteen healthy men (mean age, 26.3 ± 4.0 years; height, 173.5 ± 4.9 cm; weight, 64.9 ± 5.7 kg; BMI 21.6 ± 1.7) were enrolled in this study, which was approved by the Institutional Ethics Committee at Shinshu University (UMIN000008135) and conducted in accordance with the Helsinki Declaration of 1975, as revised in 1983. Written informed consent was obtained from all subjects prior to their participation. Consent was also obtained for the publication of this study and any accompanying images.

2.2. Design {#sec2.2}
-----------

No subject had a history of neurological, major medical, or physical disorders, and none were taking medication at the time of the study. The subjects underwent physical fitness tests before and after triple-treatment trunk stretching. The three trunk stretches were designed to alleviate pain in the low back and hip joints and to restore normal mobility of muscles and joints. Stretching was carried out using the following equipment: an unstable flex chair (HU-800, Minato Medical Science Co. Ltd., Tokyo, Japan); a stretching bench (K2590SB, Minato Medical Science Co. Ltd.); and a stretch pad (SS-1, Minato Medical Science Co. Ltd.). All stretches were completed within six minutes. Subjects gave the same explanation to each of the thirteen subjects and performed three trials with the same time in the same order as below, one session at the same interval, and then the next physical strength measurement was performed on immediate. Each subject was capable of moving their pelvis while seated in the flex chair, and the seat could pivot in any direction ([Fig. 1](#fig1){ref-type="fig"}). After sitting in the chair, the subjects were instructed to first contract their hip flexors and extensors anteriorly and posteriorly (40 seconds), and then laterally (40 seconds), and then to rotate their hips (40 seconds). The stretching bench could be anteverted to reduce anterior pelvic tilt and relieve hamstring strain ([Fig. 2](#fig2){ref-type="fig"}). The subjects first conducted this stretching exercise with both legs (40 seconds), and then with each leg separately (40 seconds). The stretch pad was used to loosen muscles in the back ([Fig. 3](#fig3){ref-type="fig"}). The subjects lay down on the pad and breathed deeply (40 seconds). They then placed their hands at the top of their rib cage and continued breathing deeply (40 seconds). Finally, they slowly moved their hands up and down the sides of their body while breathing deeply (40 seconds).Fig. 1Flex chair.Fig. 1Fig. 2Stretching bench.Fig. 2Fig. 3Stretch pad.Fig. 3

2.3. Physical fitness tests {#sec2.3}
---------------------------

The average age of subjects was 26.3 ± 4.0 years, and the Ministry of Education, Culture, Sports, Science and Technology of Japan\'s physical fitness measurement from 20 to 64 years old had repeated lateral jump and 20 m shuttle run which may be accompanied by danger such as injury. For that reason, in consideration of safety and simplicity, we applied the physical fitness test introduced by the Ministry of Education, Culture, Sports, Science and Technology of Japan for 65- to 79-year-olds. This test measures muscular strength (grip strength), muscular endurance (sit-ups), sit-and-reach flexibility, single-leg standing time, and both 10-m walking time and 6-min walking distance in an obstacle course. Most of the subjects achieved the maximum measurement time of 120 seconds in the single-leg standing test with their eyes open, so we also conducted the test while their eyes were closed. Improvements in flexibility and instantaneous power (vertical jump) were also seen in preliminary experiments with these three stretches. From this situation, the subjects also performed standing forward flexion, thoracolumbar extension, horizontal flexion and vertical jumping. Standing forward flexion was measured using an analog flexion meter (5003 FLEXION-A, Takei Scientific Instruments Co. Ltd., Tokyo, Japan). The subjects stood on a platform with the tips of their feet about 5 cm apart, held their arms out in front of their body, and then bent forward to touch a cursor plate with the middle fingers of both hands. In the thoracolumbar extension test, subjects placed their hands at their sides while standing, and tilted backwards without moving their pelvis. The basic axis was set as the rear aspect of the sacrum, and the crossing angle was measured between the basic and movement axes, which connected the first thoracic and fifth lumbar vertebrae. For the horizontal flexion test, the subjects raised their arms anteriorly until reaching 90° relative to the flexed shoulder joint. The basic axis was taken as the line perpendicular to the sagittal plane, which passed along the acromion, and the movement axis was regarded as the humerus. Vertical jumps were assessed using a jump meter (LC020267, Senoh Corporation, Matsudo, Japan).

2.4. Angle measurement of the spine {#sec2.4}
-----------------------------------

To assess the effects of triple-treatment trunk stretching on the curvature of the spine, X-ray photographs of the spinal column were taken from each side. We then measured the flexion, neutral, and extension angles of the spine on the X-ray photographs as follows: overall curvature of the thoracic spine, curvature of the upper and lower thoracic spine, curvature of lower lumbar spine, and inclination of the sacrum ([Fig. 4](#fig4){ref-type="fig"}). All measurements were conducted by three licensed physical therapists, each of whom had at least two years of clinical experience measuring angles of the spinal column.Fig. 4Flexion (A), neutral (B), and extension (C) angles of the spine were measured on X-ray photographs as follows: ① Overall curvature of the thoracic spine; ② curvature of the upper thoracic spine; ③ curvature of the lower thoracic spine; ④ curvature of lower lumbar spine; and ⑤ angle of inclination of the sacrum.Fig. 4

2.5. Statistical analysis {#sec2.5}
-------------------------

We compared physical fitness test scores and measurements on the X-ray photographs before and after triple-treatment trunk stretching using paired t-tests. The sample was assumed to be a normal distribution, and parametric analysis was performed.

Statistical analyses were performed using SPSS 11.0.1. Statistical Packages (SPSS Inc., Chicago, USA). The significance level was set at 0.05.

3. Results {#sec3}
==========

3.1. Physical fitness tests {#sec3.1}
---------------------------

Significantly improvements were seen in sit-and-reach flexibility (before vs. after: 33.8 ± 2.8 cm vs. 35.9 ± 2.8 cm, *P = 0.003, Power analysis;* *0.935, Relative differences;* *2.077*) and in 10-m obstacle course walking times (8.6 ± 0.4 sec vs. 8.3 ± 0.4 sec, *P = 0.035, Power analysis;* *0.588, Relative differences;* *0.266*) after stretching. Significant improvements were also seen after stretching in standing forward flexion (−4.7 ± 2.9 cm vs. −10.3 ± 4.1 cm, *P = 0.024, Power analysis;* *0.570, Relative differences;* *5.654*), thoracolumbar extension (53.5° ± 3.6° vs. 58.8° ± 3.5°, *P = 0.024, Power analysis;* *0.737, Relative differences;* *5.385*), and horizontal flexion (127.3° ± 2.6° vs. 132.3° ± 2.2°, *P = 0.009, Power analysis;* *0.817, Relative differences;* *5.000*) ([Table 1](#tbl1){ref-type="table"}). Improvements in sit-ups, single-leg standing, 6-min walking distance and vertical jumping were also evident after stretching, as was a decrease in grip strength; however, none of these differences were significant.Table 1Effects of stretching on physical fitness.Table 1Physical fitness test parameterGeneral stretchingPrePost*P*Grip strength (kg)50.9 ± 2.049.4 ± 2.1NSSit-ups (n)29.5 ± 1.429.8 ± 1.5NSSit-and-reach flexibility (cm)33.8 ± 2.835.9 ± 2.8\*\*Single-leg standing (sec)114.4 ± 3.9115.7 ±3.5NS10-m obstacle course (sec)8.6 ± 0.48.3 ± 0.4\*6-min walk (m)503.5 ± 21.6499.6 ± 20.8NSVertical jumping (cm)52.2 ± 2.254.7 ± 1.8NSStanding forward flexion (cm)−4.7± 2.9−10.3± 4.1\*Thoracolumbar extension (°)53.5 ± 3.658.8 ± 3.5\*Horizontal flexion (°)127.3 ± 2.6132.3 ± 2.2\*\*[^1]

3.2. Angle measurement of the spine {#sec3.2}
-----------------------------------

To assess the effects of triple-treatment trunk stretching on the curvature of the spine, X-ray photographs of the spinal column were taken from each side before and after stretching. After stretching, significant differences were seen in the flexion angle of the thoracic spine (before vs. after: 70.1° ± 14.3° vs. 74.1° ± 13.2°, *P = 0.034*, *Power analysis;* *0.577, Relative differences;* *4.060*), the neutral angle of the lower thoracic spine (9.8° ± 6.9° vs. 11.4° ± 7.3°, *P = 0.008 Power analysis;* *0.779, Relative differences;* *1.667*), the neutral angle of the lower lumbar spine (23.3° ± 10.4° vs. 28.8° ± 9.8°, *P = 0.001 Power analysis;* *0.997, Relative differences;* *5.555*) and the neutral angle of inclination of the sacrum (27.3° ± 8.9° vs. 30.8° ± 8.4°, *P = 0.001 Power analysis;* *0.959, Relative differences;* *3.455*) ([Table 2](#tbl2){ref-type="table"}).Table 2Angles measured on X-ray photographs.Table 2Angle measurementsGeneral stretchingPrePost*p*Overall curvature of the thoracic spineFlexion70.1 ± 14.374.1 ± 13.2\*Neutral27.2 ± 11.227.1 ± 9.7NSExtension9.8 ± 12.37.7 ± 13.2NSCurvature of the upper thoracic spineFlexion40.2 ± 16.542.2 ± 12.3NSNeutral16.5 ± 8.615.9 ± 8.6NSExtension8.2 ± 10.48.9 ± 8.6NSCurvature of the lower thoracic spineFlexion28.0 ± 5.927.8 ± 5.6NSNeutral9.8 ± 6.911.4 ± 7.3\*\*Extension1.9 ± 6.43.4 ± 6.2NSCurvature of lower lumbar spineFlexion−8.4 ± 18.0−8.7 ± 17.2NSNeutral23.3 ± 10.428.8 ± 9.8\*\*\*Extension43.6 ± 12.442.0 ± 10.5NSAngle of inclination of the sacrumFlexion6.1 ± 23.92.8 ± 25.2NSNeutral27.3 ± 8.930.8 ± 8.4\*\*\*Extension44.1 ± 12.744.2 ± 12.7NS[^2]

4. Discussion {#sec4}
=============

Mälkiä and Ljunggren reported that individuals with back pain have impairments in muscular and connective tissue, functional limitations in muscle strength, endurance, and speed, deficits in neuromuscular function, and physical, social, and psychological disabilities [@bib4]. Physical exercises in rehabilitation rely on the ability of the neuromuscular system to provide dynamic muscular stabilization during concentric, eccentric, and isometric contractions. The objective of these exercises is to stress both damaged tissue and healthy supporting tissues in order to foster tissue repair while avoiding excessive loading [@bib12]. Exercises for lumbar stability, core stability, and low back stability are believed to be important in physical training for maintenance of a healthy back [@bib13].

We therefore devised a treatment program utilizing the following three types of stretches: stretching using an unstable flex chair; stretching using a stretching bench; and stretching using a stretch pad. Triple-treatment trunk stretching is based on the principles of static muscular stabilization of the spine and uses well-known physiological strength-training principles. Stretching using an unstable flex chair is based on the same principle as physioballs [@bib13], stability balls [@bib15], Swiss balls [@bib16], and gym balls and wobble boards with labile surfaces [@bib17] in that it promotes a healthy back using extension mobilization stretches as self-treatment [@bib1]. Stretching using a stretching bench is similar to hamstring stretching in that it promotes improved spinal stability [@bib1]. Stretching using a stretch pad is similar to stretching using a foam roll in that it promotes improved posture and increased dorsal extension [@bib1].

This study also compared physical fitness levels before and after triple-treatment trunk stretching. After stretching, significant improvements were seen in sit-and-reach flexibility, 10-m obstacle course time, standing forward flexion, thoracolumbar extension and horizontal flexion. Although improvements were also observed in grip strength, sit-ups, single-leg standing, 6-min walking distance and vertical jumping, none of these improvements were significant. Although triple-treatment trunk stretching was shown to be effective, the underlying reasons remain unclear. Our results from this study are in agreement with those from our former study; greater improvement was seen in physical fitness levels after triple-treatment trunk stretching was performed as a warm-up compared with standard Japanese stretching [@bib18].

To examine the effects of triple-treatment trunk stretching on the curvature of the spine, X-ray photographs of both sides of the spinal column were taken both before and after triple-treatment trunk stretching. After stretching, no significant differences were observed in the neutral and extension angles of the thoracic spine, the flexion, neutral, and extension angles of the upper thoracic spine, the flexion and extension angles of the lower thoracic spine, the flexion and extension angles of the lower lumbar spine, and the flexion and extension angles of inclination of the sacrum; however, significant differences were seen in the flexion angle of the thoracic spine, the neutral angle of the lower thoracic spine, the neutral angle of the lower lumbar spine and the neutral angle of inclination of the sacrum. Furthermore, the flexion angle of the thoracic spine, the neutral angle of the lower thoracic spine, the neutral angle of the lower lumbar spine and the neutral angle of inclination of the sacrum were significantly increased after triple-treatment trunk stretching. This suggests that triple-treatment trunk stretching improved both the curvature of the spine and physical fitness levels, possibly due to the resulting increased angles of the spine as demonstrated by X-ray photographs. Ii is showed that an increased spinal curvatures are associated with greater vertebral stress, intradiscal pressure, low back pain, and disability [@bib19]. However the curvature of the spinal column is made to be dynamically suited to support the body [@bib20]. Therefore, it is considered that there is spinal curvatures in an appropriate state. Depending on its appropriate circumstances suggest that triple-treatment trunk stretching led to significant improvements in sit-and-reach flexibility, 10-m obstacle course walking time, standing forward flexion, thoracolumbar extension and horizontal flexion.

5. Conclusions {#sec5}
==============

In this study, we conducted a program utilizing triple-treatment trunk stretching using an unstable flex chair, a stretching bench, and a stretch pad.

We then compared the effects of triple-treatment trunk stretching on physical fitness levels and curvature of the spine. The effects of triple-treatment trunk stretching on curvature of the spine were assessed by X-ray photographs of both sides of the spinal column taken both before and after stretching.

Regarding physical fitness, significant improvements were seen in sit-and-reach flexibility, 10-m obstacle course walking time, standing forward flexion, thoracolumbar extension and horizontal flexion after stretching.

Regarding curvature of the spine, X-ray photographs showed significant increases in the neutral angles of the lower thoracic spine and the lower lumbar spine after triple-treatment trunk stretching. This suggests that triple-treatment trunk stretching promoted improvement in both physical fitness levels and the curvature of the spine possibly due to the resulting increased angles of the spine.
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[^1]: Values are shown as means ± SD. NS: not significant, \*: P \< 0.05, \*\*: P \< 0.01.

[^2]: Values are shown as means ± SD. NS: not significant, \*: P \< 0.05, \*\*: P \< 0.01, \*\*\*: P \< 0.001.
